Background and Purpose-This article is a comprehensive review of aphasia treatment studies for the purpose of investigating the relationship between time postonset of aphasia and response to treatment for aphasia in chronic patients at Ն1 year after symptom onset. Methods-Studies that demonstrated treatment response (defined as a measurable change in task performance compared with a control task performance) through the use of single-subject design methodologies on measures of verbal output or auditory comprehension were selected. Individual subject data were extracted from the 23 studies that met criteria identifying the subjects as those who received direct continuous therapy for spoken language deficits and whose changes in response to therapy were measurable. Percent of maximum possible change was used as a measurement of outcome. Results-Nonparametric correlation statistics (Spearman ) and comparisons of group means (Kruskal-Wallis) were used to compare the relationship between time postonset and improvement. Time postonset at which treatment was initiated did not correlate with response to treatment. No significant differences in response to treatment were found between groups of patients according to times postonset. Conclusions-Time postonset is not related to response to treatment for aphasia in patients Ͼ1 year postonset of aphasia.
A common assumption in speech-language pathology is that the greatest amount of recovery from aphasia primarily occurs within the first year postonset (ypo) of the disorder. Many clinicians also assume that patients make less progress in therapy after the first year. Both of these assumptions arise from the notion that "spontaneous recovery" is occurring in the immediate period after stroke and may last as long as 1 year. [1] [2] [3] [4] However, little is known about patterns of recovery beyond the recognized period of spontaneous physiological recovery. Individuals who are Ͼ1 ypo and who have demonstrated significant recovery are sometimes considered special nonrepresentative cases. 2 Given the paucity of data on recovery in chronic aphasia, researchers have questioned claims that response to treatment is not likely to occur after 1 year. 1, 5 Although there are individual cases of response to treatment mentioned in the literature, no patterns of change among individual subjects that can be correlated to specific times postonset have been reported. Therefore, the objective of the present study was to examine the relationship between time postonset of aphasia and response to behavioral treatments provided after the first year after stroke by reviewing individual data extracted from multiple treatment studies.
Previous studies and reviews that have attempted to describe recovery have included subjects who vary widely in time postonset from those who are as early as 6 months postonset to those who are many ypo of the disorder. 2 A problem with grouping patients of varying times postonset into a single "chronic aphasia" group is that the effects of time postonset may be obscured. Because time postonset in the chronic stage is generally overlooked as a predictive variable, we have minimal understanding of time postonset as a prognostic indicator once patients are beyond 6 months postonset. There is some evidence to suggest that recovery may not progress linearly. For example, there is disagreement over whether patients with global aphasia make more improvement in the first or second 6 months postonset. 6, 7 These findings suggest that the amount of change may be variable not only within the first year but after that period as well.
Several studies provide evidence that patients well over 1 ypo make significant improvements in response to treatment. Some classic group studies that investigated treatment within the first year mention individual cases of recovery well beyond 2 years. For example, Kertesz and McCabe 2 reported improvements in patients who were as much as 5 ypo. Basso et al 8 reported several individual cases that demonstrated significant improvement when treatment began well after 6 months postonset of aphasia. In 1 case, a patient who was 2.5 ypo made a "complete recovery" after 5 months of therapy. Although other cases were not as dramatic, major gains were achieved by language therapy. Progress was even documented for an individual who was 11 ypo. 8 Additional evidence also supports the idea that patients who are Ͼ12 months poststroke continue to make gains. Based on a meta-analysis of within-effect outcomes of therapy trials begun at various times postonset, Robey 9 found that in the acute phase (0 to 3 months), treated patients made twice as much change as untreated subjects. In the "postacute" stage (3 to 12 months), treated patients made 1.5ϫ more improvement than untreated counterparts. In the chronic phase (Ͼ1 year), treated patients made 12ϫ as much improvement as untreated counterparts. The amount of change among the chronic patients was relatively modest. In fact, the treated patients in the chronic phase improved as much as the untreated group in the acute phase. Nevertheless, in the chronic phase, the treated patients changed much more than the untreated patients.
Longitudinal studies of language recovery in aphasia provide substantial evidence that some patients with aphasia continue to improve well beyond 1 year. Fitzpatrick, 10 for example, conducted a retrospective analysis of confrontation naming and naming in discourse among patients. She examined data from 20 individuals who were seen multiple times after 1 ypo up to as long as 12 ypo. Fitzpatrick found that confrontation naming scores increased over time in subjects who were evaluated at least twice between 1 and 12 ypo. Aphasia type and ypo were significant predictors of confrontation naming scores, but the patients with nonfluent aphasia and those with fluent aphasia did not change at different rates. Results from this study demonstrated that naming abilities improved for as long as 12 ypo in patients with chronic aphasia.
Additional longitudinal data from Hanson et al 5 also suggest that patients with aphasia may show long-term improvements. Thirty-five patients were divided into groups based on their initial score on the Porch Index of Communicative Abilities, a standardized test of aphasia. The Porch Index of Communicative Abilities was administered to the patients 6 times between 3 and 55 months postonset. All groups of patients continued to improve significantly on speaking tasks when tested at 6, 12, and 24 months postonset, regardless of severity. The group with the most severe impairment in speaking at each test interval made the greatest amount of change, although they remained the most impaired.
Based on these studies, it is clear that patients can show improvement in language ability long after the generally accepted period of spontaneous physiological recovery. However, little is known about how patients respond to individual treatments conducted later and if the amount of change seen later can be related to previous therapy. Although the latter question may be pertinent, the question addressed here assumes that therapy we provide is effective and well suited for an individual patient, 9 regardless of previous therapy. We also consider that an adequate control and test task can offset the effects of previous therapy. So, the issue of previous therapy aside, can clinicians expect a certain amount of recovery based on the time postonset at which therapy is conducted? In other words, does the amount of change we see vary based on time postonset in chronic patients?
These questions remain unanswered because there are few available large-scale longitudinal studies that follow patients' responses to therapies. The ideal method to investigate the overall effects of time postonset on response to treatment would be a mixed-effect, repeated-measures design, following treated patients of a certain aphasia type at repeated re-evaluations at set intervals for years after their stroke, comparing their progress with untreated controls. Because such ideal studies do not exist, this review is an indirect way of synthesizing data gathered from many studies in order to better understand the influence of time postonset on improvement in aphasia. Similar reviews have likewise attempted to isolate the effects of 1 variable's effect on treatment outcome. 11
Purpose
The purpose of this review is to address the following question: Is there a relationship between time postonset at the initiation of therapy and response to treatment in the chronic phase (ie, Ͼ1 ypo)? By extracting individual data from treatment studies, we can begin to investigate any patterns that emerge across studies in the amount of response individuals make when treated after 1 ypo. This review can contribute information relating to the question of whether treatment after 1 ypo is warranted and can help to identify the methodological difficulties that arise in attempting to answer this question.
Methods

Data Collection
An extensive review of the literature was conducted to retrieve relevant treatment studies. A literature search was performed using Medline, PsychInfo, ERIC, and the Cochrane Database of Systematic Reviews to identify studies containing the following search terms: "aphasia," "follow-up studies," "language," "recovery," and "treatment." Years of publication were restricted to 1985 to 2003. The year 1985 was selected as a cutoff year because more rigorous methodological standards were introduced into the speech-language pathology field during the mid-1980s. The VA Field Advisory Council Evidence-Based Treatment Outcomes 12 was also reviewed. These searches yielded Ϸ100 articles.
Inclusionary and Exclusionary Criteria
The studies included in this review presented individual data for subjects with aphasia who received treatment for disorders of verbal expression or auditory comprehension and who were Ͼ1 ypo at the time they were studied. Furthermore, each study in the review was published between 1985 and 2003 and included sufficient detail on treatment outcomes that measurements of change associated with treatment could be calculated for individual subjects. Specific criteria for inclusion/exclusion follow: was accomplished through establishing baseline stability of the tested behavior. Many researchers also used multiple baselines showing untreated control tasks. 2. Only those studies that gave specific time postonset data and examined treatment of a spoken language disorder by a speech-language pathologist in a face-to-face situation were reviewed. 3. Only those studies that presented individual pretherapy and post-therapy scores that referred to change in verbal output or auditory comprehension were examined. Studies that addressed therapy for written language disorders (reading and writing) and speech disorders (dysarthria or apraxia of speech) were excluded. 4. Those that examined treatment for psychological, functional, and emotional impact were excluded. 5. Studies that targeted caregivers' communication abilities were also excluded. 6. All group therapy studies were excluded. 7. Studies were also excluded if they did not include maximum scores for outcome measure or if they could not be derived. 8. Finally, 2 studies were excluded because the journals in which they were published could not be located. The authors' consideration of time postonset as a factor in recovery was not a prerequisite for inclusion. However, only studies from which time postonset data for an individual were available were included. Research articles including any aphasia type were included because limiting the review to a specific aphasia type was considered premature, yielding too few articles to compile an adequate review. In addition, controlling for severity was impossible because of the varying testing protocols.
From the original pool of articles, 23 studies fulfilled these criteria, yielding individual data for 57 subjects. Of these studies, 20 investigated treatment for disorders of verbal expression and 3 investigated treatment for disorders of auditory comprehension. The individual data extracted from these 23 studies are presented in Tables 1 and 2 .
Outcome Measure
For the purposes of this review, the main outcome measure of change in response to treatment was defined as percent of maximum possible change (%MPC). This measure was calculated for each individual based on the reported or calculated raw scores. When accuracy was presented as a percent correct score, information pertaining to the testing instrument was used to calculate the raw scores. When data were presented in graphical form only, individual data were extracted as the visual estimate of data point values. When multiple nonstandardized measures were used to assess outcome, the results were added to show a cumulative effect. For example, if a nonstandardized naming task and a test of grammatical subject use in a structured testing situation were both used to measure verbal expression, the highest possible score was calculated by adding the highest possible scores in both tests, and the number correct was calculated by adding the number correct for both tests. A combined score was considered to be more amenable to comparison with standardized tests. However, when standardized tests were reported in addition to nonstandardized results, the standardized measure was selected as the primary outcome measure. To avoid ceiling effects, data from 1 individual who performed within 10% of the maximum score at baseline were excluded.
The %MPC score was calculated in the following way: First, a difference between the pretherapy score and the final score was obtained; second, the difference between the pretherapy score and the maximum possible score was calculated; and third, the second measurement was divided by the first and multiplied by 100 to calculate a percentage. Because of the many ways that scores were reported, several decisions were made about how to calculate pretherapy and post-therapy scores. The pretherapy score (always taken at a point Ͼ1 ypo) was defined as the mean of the baseline scores or the reported pretherapy score (if only 1 was given). The final outcome measure was defined as the last measurement taken before a maintenance phase (when given). The post-test score was not derived from a mean of the assessments made during the therapy phase because the mean score would not adequately account for the duration of treatment and the cumulative effect, which would theoretically be evident from the final score. For some subjects, their final scores may not reflect their overall gains or abilities. However, the large sample size of this review (nϭ57) may compensate for any effect of using the final measurement rather than the mean of measurements taken during therapy.
The %MPC measurement was chosen as the primary indicator of treatment response for a number of reasons. Simple percent change (as opposed to %MPC) is not a sufficient measure of change on its own because it is affected by the interaction between the number of items on a test and a subject's original score. For example, a subject who improves from a score of 20 to a score of 40 of a maximum of 100 points increases 100% over the baseline score. However, a person who goes from a score of 40 to a score of 60 of 100 points only increases 50% over baseline. Thus, percent change penalizes the subject who originally performs higher. Using a different measure of change (%MPC) prevents the "penalty" for higher initial scores as demonstrated in the above example. In fact, the closer a person is to a maximum score, the more difficult it becomes for him/her to show improvement, so an absolute change of X points is not always equivalent. Thus, a person who starts higher and makes the same absolute gain as a person whose initial score is lower should actually receive a higher designation because he/she has less opportunity for improvement (ie, fewer test items on which to perform well). Thus, %MPC best reflects assumptions about test performance that would be unaccounted for by using percent change. There is no way to absolutely represent change given the varied outcome measurements reported in the studies selected. %MPC actually penalizes subjects for low initial performance. For example, if a patient starts with a low score and doubles his/her score, this may be clinically significant. However, if he/she made small gains relative to the maximum possible, the %MPC will be very low. To account for the conflict between the cost and benefit of using %MPC, ideally, it would be best to control for initial severity by examining subjects with similar initial scores. However, the limited availability of studies for which this is possible would reduce the sample size and minimize any statistical power. It was decided that because the inten- tion of this project is not only to describe trends in response to treatment but also to identify issues that affect the analysis of outcome, %MPC was adequate for providing interpretable results despite the few methodological problems discussed here.
Data Analysis Decisions
For each subject, the type of therapy received was classified as one that targeted either verbal output or auditory comprehension. When the target of therapy was the semantic system itself, and thus did not clearly target verbal expression or auditory comprehension in isolation, the therapy requirements and the measurement used to assess change were considered to best determine whether to include the study in the group of auditory comprehension studies or verbal output studies.
If several therapies were given and no mention was made of any interruption or break between them, it was assumed that they were continuous. However, if there was a break, only the results of the first therapy were included. For example, Nickels et al 13 gave 2 therapies sequentially for comprehension and production deficits. A 4-week break divided both stages of therapy. To report the gains made by each individual therapy would have represented the subject twice. Therefore, it was decided to report the data pertaining only to the first phase of therapy: the comprehension phase.
Finally, many researchers used the absolute change in performance during therapy tasks as their outcome measure-ment; thus, in many cases, outcome measures were essentially treatment targets as opposed to scores on standardized tests or additional measures of accuracy on control or untreated items. Although this may not be the preferred way to measure treatment effectiveness, excluding these studies would have left few studies for review. Very often, control stimuli (not the control task) were also included to measure generalization. Results for both stimuli types were averaged. By including the control stimuli, the scores become an indicator of overall gain and stasis, which is theoretically more comparable to standardized test scores.
Results
Individual Subject Data
Tables 1 and 2 provide information on aphasia type, months postonset, and %MPC for each subject from each of the 23 studies included in the review. Table 1 lists the subjects in the studies investigating treatment for verbal output (20 studies), and Table 2 lists those in studies investigating auditory comprehension (3 studies).
Data Analysis
Each subject's %MPC was plotted on scatter plots. Data were represented and analyzed as part of the group of 57 subjects and as part of the smaller treatment-target groups. Individual data were also grouped by ypo to compare statistically response to treatment across various times postonset. To 
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maintain Ն6 subjects in each group, 6 groups were created. The groups consisted of 7 subjects who were 1 to 2 ypo, 12 who were 2 to 3 ypo. 11 who were 3 to 4 ypo, 11 who were 4 to 6 ypo, 6 who were 6 to 8 ypo, and 10 who were Ͼ8 ypo. A Spearman statistic was used to analyze the relationship between time postonset and %MPC and the Kruskal-Wallis 1-way ANOVA by ranks (KWANOVA) was used to compare performance across groups. The KWANOVA was chosen because of the heterogeneity of the population sampled and represented in this review. Because data were extracted from many sources, no assumption about equal variance could be made. Moreover, the KWANOVA uses ranked data, which is appropriate for this study. Using ranks minimizes the effects of not having item equivalence across the various tests used to measure response to treatment because it reduces the distance between scores on different assessments. The results of the KWANOVA indicated no significant differences among the 6 groups H(5, 47)ϭ0.410 (PϾ0.05). Note in Figure 2 and Table 3 that all groups made gains of Ն28% of the maximum possible improvement. The large SDs reflect the high degree of variability in scores within each group. The individual data in Figure 1 demonstrate this variability, showing that time postonset bears little to no relationship with response to therapy in this sample. Across the time scale, some patients improved nearly 100% of the maximum possible, whereas 1 declined despite treatment.
All Studies: Treatment for Verbal Expression and Auditory Comprehension
One subject who was 19 ypo made gains of 88% of the maximum possible. A KWANOVA showed no significant difference between the 6 groups of subjects receiving therapy for verbal expression. H(5, 55)ϭ0.698 (PϾ0.05). Table 4 reports the means and SDs for each group. Again, the SDs are high, reflecting the variability of the data within each group. Figure 5 shows individual data from the 3 studies investigating treatment for auditory comprehension.
Subset of Studies for Treatment of Verbal Expression
Treatment of Auditory Comprehension
Neither correlation statistics nor a KWANOVA could be performed on the data from subjects who received therapy for auditory comprehension because there were so few individuals. Despite the small sample size, it appears from Figure 5 that there is wide variability in response among patients who are treated for auditory comprehension and that response does not appear related to time postonset.
Summary of Results
Individual data show wide variability in patient performance that is not related to time postonset. When subjects were grouped by ypo, no significant difference between the groups was found. Therefore, time postonset in patients who are Ͼ1 ypo does not correlate with patient response to treatment. There are too few cases of reported treatment response for therapy targeting auditory comprehension to make a definitive conclusion that time postonset is or is not related to time postonset for these subjects. Claims made by others that prognosis for response to treatment is a function of time postonset, at least in the chronic phase (Ͼ1 year), are not substantiated by a comprehensive review of the treatment literature.
Analysis of the group means indicates the possibility that response does decline at some point after 8 ypo. This group (Ͼ8 ypo) showed the least amount of %MPC (28%) and were Ն10 percentage points below the means of the other groups 
Discussion
Justification for initiating therapy in the chronic stage is often questioned by clinicians as well as insurers. However, the analysis of data provided by the treatment outcome studies examined in this review found no significant relationship between time postonset and response to treatment. In fact, average changes within the groups when all subjects were included ranged from 28% of maximum possible change to 47%. These results suggest that response to therapy is not correlated with time postonset in patients who are Ͼ1 ypo and who are receiving therapy for verbal output deficits. Thus, based on the results of this study, time postonset should not be considered a significant predictor of response to treatment in patients receiving treatment for verbal output disorders who are Ͼ1 ypo. Within a given period of time postonset, subjects appear to make vastly variable degrees of improvement. The plotted individual data reveal this variability, which is also reflected in the large SDs seen in the ypo groups. No significant differences between the ypo groups were found in the analysis of all 23 studies or only in the subset of studies investigating treatment of verbal expression. All else being equal, this result indicates equal potential for improvement in people with chronic aphasia, regardless of the time postonset at which treatment is initiated.
External Factors and Methodological Considerations
The interaction between time postonset and other possible factors in recovery, such as aphasia severity at onset and at time of therapy, intensity of therapy, aphasia type, therapy type, and premorbid intelligence cannot be overlooked. To accommodate a level of control that would account for the many confounding variables that intrude in all aphasia outcome studies would have meant greatly limiting the number of subjects studied, thereby reducing the statistical power of the results. In fact, the large number of studies and variability among subjects was considered the most effective way to balance out the sample and eliminate the effects of other confounding variables. Of course, in an ideal study, these variables would have been systematically controlled. Sarno 3 best summarizes the difficulty in controlling for the effects of 1 factor when examining another in the following statement: "Subject selection criteria; subject classification; aphasia severity; characteristics of control groups; premorbid language competence; age, education, socioeconomic status, intellectual level, and personality of patient; time since onset, frequency and intensity of treatment; nature of interventions; and the skill of the therapist are some of the factors which must be considered in aphasia recovery and rehabilitation research. In addition, these variables interact with each other and cannot be studied in isolation."
To this list, we would also add that previous therapy could have an effect on the results of treatments studied. Another particularly relevant issue in this regard is the file drawer phenomenon, in which researchers do not publish reports of clients who do not make progress. The lack of published data on these subjects may also lead to a misunderstanding of the 
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We attempted to tease out factors that might potentially skew interpretation of the data by separating auditory comprehension and verbal expression treatment studies and conducting individual analyses of these 2 subsets of studies. However, one might argue that the interaction between type of aphasia and therapy type would still bias the results. For example, the sample that was treated for auditory comprehension included some patients with Broca's aphasia, and, theoretically, we would expect these patients to score high on baseline tests of auditory comprehension and then perhaps make greater gains. However, note in Table 2 that the scores of the 1 subject with Broca's aphasia receiving treatment for auditory comprehension declined, resulting in a %MPC of Ϫ15. Evidently, the expected interaction between therapy type and aphasia type does not always hold, and trying to control for this interaction would not necessarily be justified. This echoes Robson et al: 30 "We are some way from understanding how therapy operates. There appears to be no clear match between the underlying deficit and the form of treatment offered."
This review also considered the problem of comparing vastly different measures of response to treatment. By giving everyone a score based on %MPC, comparison across tests was facilitated. Additionally, the use of ranked medians in the KWANOVA analysis would theoretically mask the distance between individual scores on different tests. These 2 strategies were deemed sufficient to minimize the effect of comparing different outcome measures.
Attributing Change to Treatment Response
All studies reviewed for this analysis used experimental designs that attempted to control for natural recovery. It should be noted that some of the studies used an A-B single-subject design, which has received some criticism. 36 . Other studies used the multiple baseline design, which may better control for spontaneous recovery. This design is based on an assumption that spontaneous recovery is a global phenomenon affecting all tasks. Therefore, stable scores in untreated tasks and improved scores on treated tasks indicate that natural recovery is not uniquely responsible for treatment effects. Although some object to these methodologies and their assumptions, they are well accepted and have been used in much of the treatment efficacy research in aphasia since the 1980s.
The studies presented here purported to look at treatment effects separate from changes related to spontaneous recovery. It is worth restating that comparison with well-matched untreated control subjects across the lifetime would be most informative. However, if we accept the investigators' controls for the subjects examined here, then we can conclude that treatment was responsible for change. Furthermore, the amount of that change does not appear to be related to the time at which therapy is initiated in patients who are Ͼ1 ypo.
Clinical Significance
Although the results suggest that some chronic patients receiving treatment for verbal output deficits have the potential to improve with treatment, it is not possible to determine from this review how these treatment effects translate to functional communication. Only a handful of the studies reviewed here considered functional measurements of change in addition to measurements of specific linguistic change. Because functional communication measures often assess compensatory modalities as well as natural language functions, it is presumed that functional communication profiles might look quite different from the treatment profiles in this review. Future research might compare measures of functional communication across time with measures of more discrete linguistic tasks.
One can question whether an average of 42% change in the chronic period is clinically significant. At first glance, this amount seems substantial, but the question of clinical significance cannot be adequately answered by this review. In fact, this amount (Ͼ40%) may simply reflect the absence of published research studies describing patients who do not make progress. Nevertheless, the high variability among the subjects perhaps counteracts that argument and enhances the generalizability of the reported means. The data indicate a slight (albeit nonsignificant) decrease in mean score in group 6 (8 to 19 ypo) for both the sample of all subjects and the subset of those treated for verbal expression. A larger sample size, and greater number of studies involving patients who are Ͼ8 ypo, would elucidate any possible effects of time postonset that may happen in the time after 8 ypo because this group included the widest range of times postonset. However, based on the available literature, it is impossible to claim significant effect of time postonset even in the time period after 8 ypo.
Conclusion
This review of the aphasia treatment literature demonstrates that many people who receive treatment will respond positively to treatment even many ypo of aphasia. Furthermore, there is no correlation between time postonset and amount of change seen with treatment in people with aphasia who are Ն1 year postonset. Therefore, expectations of how well individuals will respond to aphasia treatment, which are based solely on time postonset, are not warranted.
